ABSTRACT: Ninety-three crossbred steer calves (BW ± SD = 385 ± 50 kg) were used (n = 48 steers in yr 1, n = 45 steers in yr 2) to examine the relationship among carcass traits, lean, bone, and fat proportions, visceral tissue weights, and pancreatic digestive enzyme activity with DMI, ADG, G:F, and residual feed intake. Calves were progeny from crossbred dams predominantly of Angus and Simmental breeding and were sired by Angus, Simmental, crossbred (predominantly of Angus and Simmental breeding), Charolais, or Piedmontese bulls. Steers were fed a high-moisture corn-based diet for an average of 112 d. Partial correlation analysis accounting for year, pen within year, week of slaughter within year, and sire breed was conducted. Gain:feed was negatively correlated (P ≤ 0.04) with backfat thickness (r = −0.38), marbling score (r = −0.32), and trim and kidney fat weight proportion (g/kg of BW; r = −0.42). Residual feed intake (P = 0.008; g/kg of BW; r = 0.34) and backfat-corrected residual feed intake (P = 0.005; r = 0.29) were positively correlated with trim and kidney fat weight proportion. Gain:feed was negatively correlated (P < 0.001) with total fat weight proportion (g/kg of rib; r = −0.45) and positively correlated (P ≤ 0.03) with lean weight proportion (g/kg of rib; r = 0.30) and bone weight proportion (g/kg of rib; r = 0.28). Gain:feed was negatively correlated (P ≤ 0.01) with subcutaneous fat weight proportion (g/kg of rib; r = −0.32) and intramuscular fat weight proportion (g/ kg of rib; r = 0.37). Gain:feed was negatively correlated (P < 0.001) with total visceral weight proportion (g/kg of BW; r = −0.44) and visceral fat weight proportion (g/kg of BW; r = −0.41) but was positively correlated (P = 0.02) with spleen weight proportion (g/kg of BW; r = 0.30). There were no significant correlations (P > 0.10) between performance measures and the pancreatic proportional content of α-amylase and trypsin activity (units/kg of BW). These data indicate that carcass fatness traits and changes in the proportional weight of total viscera may be negatively associated with G:F and that visceral fat weight proportion and trim and kidney fat weight proportion may be important factors influencing this relationship.
INTRODUCTION
indicated that feed conversion efficiency could account for up to 50% of the variation in gross margin from feeding cattle. Much of the recent efficiency research has been on residual feed intake (RFI; Jensen et al., 1992; Archer et al., 1999; Schenkel et al., 2004; Kolath et al., 2006) . Residual feed intake is the difference between the actual feed intake of an animal and its expected feed intake based on its size and growth over a specified test period (Koch et al., 1963; Richardson et al., 2001) . A moderate heritability (ranging from 0.14 to 0.41) indicates that improvements in efficiency can be achieved through genetic selection (Pitchford, 2004; Arthur and Herd, 2005) .
There are multiple levels at which regulation of metabolic processes influence efficiency, including in-take, digestion, absorption, postabsorptive utilization of nutrients, and metabolic processes associated with maintenance. Cattle with decreased carcass fatness often have decreased RFI (Basarab et al., 2003; Robinson and Oddy, 2004; Schenkel et al., 2004) . Splanchnic tissues in ruminants constitute less than 10% of body mass but account for approximately 50% of total energy expenditure (Kelly and McBride, 1990; Caton et al., 2000) and protein synthesis (Lobley et al., 1980) and are a major component defining maintenance requirements (Koong et al., 1985; Milligan and McBride, 1985) . Some research has suggested that changes in visceral tissue mass are associated with differences in RFI (Archer et al., 1999; Basarab et al., 2003) . In addition, little is known about the variability in the production of digestive enzymes and whether differences in digestive enzymes are related to production and efficiency. Our objectives were to determine the relationship between 1) carcass traits and lean, bone, and fat partitioning, 2) visceral tissue weights, and 3) pancreatic digestive enzymes with measures of growth and feed efficiency (DMI, ADG, G:F, and RFI).
MATERIALS AND METHODS
The experiment was approved by the University of Guelph Animal Care Committee and followed recommendations as outlined by the Canadian Council on Animal Care (1993) guidelines.
Animals and Management
Ninety-three (48 in yr 1 and 45 in yr 2) crossbred steer calves (average initial BW ± SD = 385 ± 50 kg) were used. Calves were progeny from crossbred dams predominantly of Angus and Simmental breeding and were sired by Angus, Simmental, crossbred (predominantly of Angus and Simmental breeding), Charolais, or Piedmontese bulls. The sire types were selected to encompass a group of cattle with a wide variety of growth performance, fat deposition potential, and carcass traits. Twenty Charolais-, 14 Piedmontese-, 6 crossbred-, 4 Angus-, and 4 Simmental-sired steers were used in yr 1 and 15 Charolais-, 12 Piedmontese-, and 18 Angus-sired steers were used in yr 2. Calves were assigned to indoor pens blocked by BW, with breed groups evenly distributed between pens. In yr 1, calves were housed in 4 pens of 12 and in yr 2, calves were housed in 3 pens of 15. Growth-promoting implants were not used. Pens were naturally ventilated and bedded with wood shavings. Each pen contained 4 electronic feeding stations (Insentec, B.V., Marknesse, the Netherlands). The feeding stations were similar to those described by Tolkamp and Kyriazakis (1997) and Chapinal et al. (2007) . Radio frequency identification tags (Allflex Canada, St. Hyacinthe, Quebec, Canada) were placed in an ear of each calf before the beginning of the experiment. The feeding system recorded the number of the steer and the respective feed intake of every feeding event. Feed was delivered to the feeding station once daily in the morning with a feed truck.
Before the experimental period, steers were housed in experimental pens and fed a corn-silage-based diet for approximately 70 d. Calves were weighed on 2 consecutive days at the beginning of the experiment and every 28 d until slaughter. At the initiation of the experiment (mid-February of each year), steers were adapted to a high-moisture corn-based diet (Table 1) over 28 d and fed until slaughter. Data were collected from the beginning of adaptation to the high-moisture corn-based finishing diet until slaughter.
Sample Collection
Feed samples were collected weekly. At the conclusion of the feeding period, steers were weighed on 2 consecutive days. Steers were sequentially slaughtered relative to BW and balanced across breed groups over 8 wk in each year (approximately 6 animals/wk). The slaughter period began when ultrasonic backfat estimations indicated that the heaviest calves had reached a subcutaneous fat amount of approximately 7 mm. Average total days on feed for the finishing period were 112 d. Steers were not fasted before slaughter.
Hot carcass weight, minimum fat depth in the last quadrant over the LM (grade fat), LM area, and mar- bling score were determined following the procedures outlined by Laborde et al. (2002) . Trim and kidney fat was also weighed. As a predictor of beef carcass cutability and partitioning of lean, fat, and bone (Shackelford et al., 1995) , the 10th-to 12th-rib sections from the left side of each carcass were dissected into lean, fat, and bone as described previously (Laborde et al., 2002; Bergen et al., 2006) . Fat was divided into subcutaneous, intramuscular, and body cavity fractions. Dissected lean, fat (total and individual fractions), and bone weights are expressed as grams per kilogram of total 10th-, 11th-, and 12th-rib weight (rib). Subcutaneous, intramuscular, and body cavity fat also are reported as a proportion of total 10th-, 11th-, and 12th-rib fat (rib fat).
Weights of the liver, kidneys, heart, spleen, and lungs (including trachea) were determined after evisceration. Reticulorumen, omasum, abomasum, small intestine, cecum, colon, and pancreas weights were taken after the mesentery was removed and the gastrointestinal tissues were stripped of digesta. A sample from the midpancreas was subsampled (approximately 30 min after stunning), snap-frozen in liquid nitrogen, and stored at −80°C until analyses of α-amylase and trypsin activity. All remaining visceral fat was weighed. Small intestinal (pyloroduodenal junction to ileocecal junction) and colon lengths (ileocecal junction to rectoanal junction) were also measured. The lengths were determined by laying the small intestine or colon on the floor in approximately 6-m loops, taking care not to stretch the intestine because the measurement of the length of the intestine can be influenced by the degree of stretching. The determination of length was conducted by the same individual throughout both years of the trial to reduce potential differences in techniques between individuals. Total viscera weight was calculated by the summation of all visceral components (including visceral and trim and kidney fat), and gastrointestinal tract weight was determined by the summation of all digestive tract components (without digesta). Tissue weights (wet basis) and lengths were reported relative to final BW (g/kg of BW or cm/kg of BW).
Dietary Analyses
Diet samples were dried in a 55°C oven, ground to pass a 1-mm screen, and analyzed for DM and OM by standard procedures (AOAC, 1990; methods 930.15 and 942.05, respectively) . Diet nitrogen concentrations were determined by using a Leco nitrogen analyzer (Leco Corporation, St. Joseph, MI) and percentage of CP was calculated by multiplying percentage of nitrogen × 6.25. Neutral detergent fiber concentrations were determined by the method of Robertson and Van Soest (1981) with an Ankom fiber analyzer (Ankom Technology Corp., Fairport, NY). Estimated dietary NE m and NE g were calculated according to Weiss et al. (1992) and NRC (1996) .
Sample Analyses
Pancreatic tissue (1 g) was homogenized in 0.9% sodium chloride (9 mL) by using a Polytron instrument (Brinkmann Instruments Inc., Westbury, NY). Protein concentration was determined by using the procedure of Lowry et al. (1951) with BSA used as the standard. Total protein content was calculated by multiplying tissue concentrations by fresh tissue weight. Activity of α-amylase was determined by using the procedure of Wallenfels et al. (1978) with a kit from Teco Diagnostics (Anaheim, CA). Trypsin activity was assayed by using the method described by Geiger and Fritz (1986) after activation with 100 units/L of enterokinase (Glazer and Steer, 1977; . Analyses were adapted for use on a PowerWave XS microplate spectrophotometer (BioTek Instruments Inc., Winooski, VT). One unit of enzyme activity equals 1 µmol of product produced per minute. Enzyme activity data are expressed as units per kilogram of BW.
Data Analysis
The feed intakes recorded from the feeding system were first summarized by day within animal to determine the individual daily feed intake of all days for the experimental period. The daily feed intake was determined by summing all feed intake events greater than 0.1 kg. When there were incomplete records for a day (e.g., power failure) or when mechanical failure resulted in obvious outliers (i.e., when weigh cells malfunctioned; <6 kg or >40 kg), the record for that day was deleted. Fewer than 2% of daily records were deleted for this analysis. The individual average daily DMI was calculated by averaging the remaining records for each individual animal. The ADG of each animal was calculated by using linear regression analysis (SAS Inst. Inc., Cary, NC) of BW (kg) and time (d) over the entire finishing period. The metabolic midweight (MWT) was calculated as the midpoint BW 0.75 . Residual feed intake was calculated as the difference between actual feed intake and predicted intake based on MWT and ADG (Koch et al., 1963; Schenkel et al., 2004) . Predicted DMI was calculated as a multiple linear regression of DMI on MWT and ADG by using PROC GLM (SAS Inst. Inc.; Table 2 ). To account for differences in fatness, predicted feed intake was also calculated as a multiple linear regression of DMI on MWT, ADG, and backfat thickness at slaughter by using ANOVA (PROC GLM; Table 2 ). Backfat-corrected RFI (RFI b ) was calculated as the difference between actual feed intake and predicted feed intake adjusted for backfat thickness at slaughter. Partial correlations between growth and efficiency measures, carcass characteristics, rib dissection data, visceral organ weights, and pancreatic digestive enzyme activity were determined by using ANOVA (PROC GLM) after accounting for year, pen within year, week of slaughter within year, and sire breed [y ijklm = µ + yr i + pen j (yr i ) + wk of slaughter k (yr i ) + sire l + e m ] by using the MANOVA/PRINTE statement (SAS Inst. Inc.). The model R 2 ranged from 0.35 for kidney weight (g/kg of BW) to 0.85 for lung weight (g/kg of BW; Tables 3 and 4). The model R 2 increased when year, pen within year, week of slaughter within year, and sire breed were included in the model. Data were considered significant when P < 0.05. Two animals in yr 1 (both from the Simmental group) and 1 animal in yr 2 (from the Charolais group) were removed from the trial because of respiratory illness.
RESULTS AND DISCUSSION
The efficiency of growth and nutrient utilization is critical in defining production system efficiency because feed input costs represent a major cost of beef production (McWhir and Wilton, 1987) . Many factors influence efficiency of growth and nutrient utilization, with nutrition and genetics being 2 major factors on which improvement can be focused. Additionally, understanding the underlying biological processes involved in regulating efficiency of growth and nutrient utilization is critical when considering how to improve feeding and animal breeding programs. Visceral tissues are very energy and nutrient demanding (Koong et al., 1985; Johnson et al., 1990; Caton et al., 2000) . Therefore, differential growth of these tissues as well as metabolism by these tissues could have significant effects on growth and efficiency. In addition, little is known about the variation in the ability of animals to produce pancreatic digestive enzymes and whether differences in the (Table 3) , and for visceral tissue and pancreatic enzyme data (Table 4) suggested that the test group encompassed a wide range of cattle with differing growth potential, fattening ability, and carcass traits. Partial correlation analysis indicated positive relationships (P < 0.001) between DMI and final BW (r = 0.45) and HCW (r = 0.49; Table 5 ). Average daily gain was positively correlated (P ≤ 0.01) with final BW (r = 0.39), and HCW (r = 0.31) and was negatively correlated (P = 0.006; r = −0.35) with backfat thickness (cm). Gain:feed was negatively correlated (P ≤ 0.01) with backfat thickness (r = −0.38), marbling score (r = −0.32), and trim and kidney fat weight proportion (g/kg of BW; r = −0.42). Residual feed intake (P = 0.008; r = 0.34) and RFI b (P = 0.005; r = 0.29) were positively correlated (P = 0.008) with trim and kidney fat weight proportion. Not surprisingly, animals that consumed more feed and grew faster had greater final BW and carcass weights (NRC, 1996) . The relationship between DMI and measures of carcass fatness, however, was not as strong, probably because of the large variability in biological type (fattening ability) of steers used in this experiment. However, the negative relationship between ADG and trim and kidney fat weight proportion does suggest that internal fatness may negatively influence ADG.
The observed positive relationship between ADG with final BW and carcass weight suggests that cattle with greater ADG likely had a greater frame size and corresponding mature BW. Archer et al. (1999) , in their review on selection for feed efficiency in cattle, suggested that genotypes with increased growth rates typically have greater mature cow BW and consequently greater feed requirements for the parent population. Residual feed intake may be a more appropriate selection criterion than G:F because RFI accounts for differences in BW (Archer et al., 1999) . Using such an approach may allow for a reduced overall maintenance cost of the beef production system because a significant proportion of total maintenance energy costs are required by the cow herd (Ferrell and Jenkins, 1985) . An alternative approach may be to use terminal crossbreeding to produce calves with leaner genotypes from moderately framed cows as a means to reduce maintenance costs (Bennett and Williams, 1994) .
Average daily gain was negatively correlated (P ≤ 0.009) with rib weight proportion (g/kg of BW; r = −0.33) and total fat weight proportion (g/kg of rib; r = −0.45) and was positively correlated (P ≤ 0.04) with lean weight proportion (g/kg of rib; r = 0.27) and bone weight proportion (g/kg of rib; r = 0.32; Table 6 ). Gain:feed was negatively correlated (P < 0.001) with total fat weight proportion (g/kg of rib; r = − 0.45) and positively correlated (P ≤ 0.03) with lean weight proportion (g/kg of rib; r = 0.30) and bone weight proportion (g/kg of rib; r = 0.28). Average daily gain was negatively correlated (P ≤ 0.03) with subcutaneous fat weight proportion (g/kg of rib; r = −0.28) and intramuscular fat weight proportion (g/kg of rib; r = −0.42; Table 7 ). Gain:feed was negatively correlated (P ≤ 0.01) with subcutaneous fat weight proportion (g/kg of rib; r = −0.32) and intramuscular fat weight proportion (g/kg of rib; r = −0.37).
In an experiment examining the effects of biological type on fasting heat production, growing heifers with increased fatness had decreased fasting heat production, suggesting that they had reduced maintenance energy requirements because of differences in the turnover of protein compared with fat (Baker et al., 1991) . Although changes in maintenance requirements are an important factor regulating the efficiency of growth, the energy required for lean vs. fat deposition also plays a key role in defining efficiency (Ferrell and Jenkins, 1985) because fat deposition requires more dietary energy than lean deposition.
Physiological maturity is also associated with body composition (Robelin, 1986) . The carcass fatness measures as well as the cutout data from the rib indicate that physiological maturity may be an important factor influencing growth and efficiency. Level of physiological maturity plays a key role in determining the distribution of muscle, bone, and fat (Robelin, 1986) . The proportion of fat to empty BW generally increases, whereas the proportion of bone and muscle to empty body fat generally decreases with increasing maturity. Our results indicate a positive relationship between the proportion of lean and bone in the rib and G:F, suggesting that steers with improved G:F were less physiologically mature. Others also have suggested that maturity and fatness are important factors influencing G:F (Smith et al., 1976) . A meta-analysis using data from 43 studies also has suggested that late-maturing genotypes typically have reduced marbling and KPH at a similar BW (McPhee et al., 2006) . However, when compared at a constant percentage of total carcass fat, the distribution of fat was similar between steers differing in frame size and muscle thickness (Belk et al., 1991) . Taken together, these data suggest that physiological maturity, because of its effects on proportion of carcass lean vs. fat, may play a role in defining the efficiency of nutrient utilization and growth.
In our experiment, partial correlation analysis suggested that cattle with increased overall carcass fatness, as assessed through carcass traits and 10th-, 11th-, and 12th-rib cutout data, had reduced G:F, whereas trim and kidney fat weight proportion was the only fat variable associated with RFI. Trim and kidney fat weight also was correlated with RFI b , suggesting that the relationship between RFI and trim and kidney fat weight is not as strongly associated with changes in 12th-rib fat thickness. In agreement with our data, Basarab et Table 5 . Partial correlation coefficients (and associated P-values after accounting for year, pen within year, slaughter week within year, and sire breed) between steer DMI, ADG, G:F, and residual feed intake (RFI) with carcass characteristics Residual feed intake adjusted for backfat at slaughter. Table 6 . Partial correlation coefficients (and associated P-values after accounting for year, pen within year, slaughter week within year, and sire breed) between steer DMI, ADG, G:F, and residual feed intake (RFI) with 10th-, 11th-, and 12th-rib weight and composition Residual feed intake adjusted for backfat at slaughter.
Cattle growth, carcass, and visceral traits al. (2003) observed that kidney fat and trim fat weights were less in low-RFI steers than in high-RFI steers. This may suggest that trim and kidney fat deposition is an inefficient process and that its relationship with G:F is less dependent on BW than on other fat measures.
Although body composition and physiological maturity likely play roles in defining efficiency, much of the variation in efficiency is likely due to factors other than body composition (Richardson et al., 2001) . Some of these factors may include, for example, differences in visceral organ mass and metabolism, and digestive efficiency (Kelly and McBride, 1990; Herd et al., 2004; Richardson and Herd, 2004) .
Partial correlation analysis indicated a negative relationship (P = 0.04) between ADG and total visceral weight proportion (g/kg of BW; r = −0.27) and a positive relationship (P = 0.03; r = 0.29) between ADG and gastrointestinal weight proportion (g/kg of BW; Table  8 ). Gain:feed was negatively correlated (P < 0.001; r = −0.44) with total visceral weight proportion (g/kg of BW). Dry matter intake was positively correlated (P = 0.02; r = 0.29) with kidney weight proportion (g/kg of BW; Table 9 ). Gain:feed was positively correlated (P = 0.02; r = 0.30) with spleen weight proportion (g/kg of BW). Average daily gain was positively correlated (P = 0.01; r = 0.32) with reticulorumen weight proportion (g/kg of BW) and negatively correlated (P = 0.005; r = 0.27) with visceral fat weight proportion (g/kg of BW; Table 10 ). Others also have suggested a negative relationship between internal fat content and ADG (Sprinkle et al., 1998) . Average daily gain was negatively correlated (P = 0.04; r = −0.27) with colon length (cm/kg of BW). Gain:feed was negatively correlated (P < 0.001; r = −0.41) with visceral fat weight proportion (g/kg of BW).
Although total visceral weight was negatively correlated with G:F, the relationships between individual tissue weights and G:F generally were not significant except for visceral fat and spleen weight proportions. The largest negative relationship with G:F was with visceral fat weight (g/kg of BW). We also observed a similar relationship between G:F and trim and kidney fat, and the correlations were stronger than with backfat thickness or marbling score. This may suggest that overall fatness or fat deposition may be important in determining energetic efficiency but that internal fat may play a particularly important role in this regard. Interestingly, McLeod et al. (2007) reported that increasing postruminal carbohydrate supply increased the weight of omental fat, indicating that fat partitioning to the viscera may be influenced by diet. In addition, visceral fat deposition in humans is thought to be important in metabolic regulation, insulin sensitivity, and inflammatory responses (Anghel and Wahli, 2007) .
Our data suggest a positive relationship between G:F and spleen weight proportion (g/kg of BW), suggesting that increased mass of some visceral tissues may result in improvements in nutrient utilization, or other factors associated with energetic efficiency, that outweigh the potential increased maintenance costs associated with increased tissue mass. It is also important to consider that tissue metabolism may change independently of Table 8 . Partial correlation coefficients (and associated P-values after accounting for year, pen within year, slaughter week within year, and sire breed) between steer DMI, ADG, G:F, and residual feed intake (RFI), and total visceral and gastrointestinal weights Residual feed intake adjusted for backfat at slaughter. Table 7 . Partial correlation coefficients (and associated P-values after accounting for year, pen within year, slaughter week within year, and sire breed) between steer DMI, ADG, G:F, and residual feed intake (RFI) with 10th-, 11th-, and 12th-rib fat partitioning Residual feed intake adjusted for backfat at slaughter.
tissue mass (Milligan and McBride, 1985) . Therefore, changes in energy utilization of visceral tissues may not necessarily be directly related to tissue mass. For example, when modeling the energetics of nutrient uptake by the intestine, Cant et al. (1996) suggested that both size and functional capacity should be considered when predicting the overall effect of the intestine on energy balance. Residual feed intake or RFI b was not related to total visceral, gastrointestinal, or individual visceral tissue weight, suggesting the relationships between G:F and visceral organ weights may be dependent on BW.
Although fatness traits and visceral organ mass likely play roles in defining efficiency, much of the variation in G:F is likely due to factors other than body composition (Richardson et al., 2001) . This is supported by the fact that the correlation coefficients between G:F and fatness measures or visceral organ mass are relatively low (r ≤0.45). Some of these factors may include differences in digestive efficiency Swanson and Miller, 2008) or in metabolism by visceral tissues, which might include such processes as mitochondrial respiration, ion transport, and protein turnover (Kelly and McBride, 1990; Herd et al., 2004; Richardson and Herd, 2004) . More research specifically to study these processes as related to growth and efficiency seems warranted.
Although research exists that has examined the effects of dietary treatment and DMI on nutrient digestion, less is known about genetic variation in the ability of animals to digest and utilize feed. There is evidence suggesting that inadequate production of specific digestive enzymes could be responsible for limitations in digestive efficiency . Pancreatic α-amylase, which is a primary enzyme responsible for starch digestion in the small intestine, may limit starch digestive efficiency in the small intestine in ruminants fed high-concentrate diets . Similarly, little is known about the relationship between enzymes responsible for digesting protein in the small intestine (such as trypsin) and growth performance and efficiency. In pigs, increases in pancreatic exocrine secretion have been correlated with ADG (Botermans and Pierzynowski, 1999; van den Borne et al., 2007) . In the current experiment, G:F was negatively correlated (P = 0.04; r = −0.27) with pancreatic protein content (mg/kg of BW; Table 11 ). There were no significant correlations (P > 0.10) between performance measures and the pancreatic content of α-amylase and trypsin activity (units/kg of BW), suggesting that the relationship between pancreatic exocrine function and animal growth and efficiency may not always occur. However, pancreatic tissue was collected at the end of the finishing period, which may not be representative of the entire feeding period. Some recently published research (Channon et al., 2004) reported that in steers selected for low RFI (improved efficiency), fecal pH and fecal DM percentage were greater, suggesting that those cattle may be more efficient at digesting starch because reduced fecal pH, resulting from starch fermentation in the large intestine, may be an indicator of inefficiencies of small intestinal starch digestion. However, the proportion of grain in the diet, grain source, and processing method influence the site of starch digestion (i.e., ruminal vs. intestinal; Owens et al., 1986) . In addition, these relationships are likely highly dependent on nutrient supply relative to nutrient requirements because improving digestive efficiency in situations in which nutrient requirements are met may not be beneficial. For example, in our experiment, the predicted MP supply was in excess (MP balance = 77 g for a 484.5-kg steer with DMI = 9.68 kg; NRC, 1996) . Therefore, it is less likely to observe relationships between pancreatic trypsin activity and performance and efficiency, even though increasing the MP supply above MP requirements may increase the content of pancreatic trypsin activity . Therefore, it is likely that relationships between G:F and RFI with pancreatic digestive enzymes may differ depending on the diet.
In conclusion, these data indicate that changes in body composition are associated with changes in G:F. In general, fatter calves had decreased G:F. These data also indicate that changes in the proportional weight of total viscera may be negatively associated with G:F and that visceral fat weight proportion may be an important factor influencing this relationship. Ad- Table 9 . Partial correlation coefficients (and associated P-values after accounting for year, pen within year, slaughter week within year, and sire breed) between steer DMI, ADG, G:F, and residual feed intake (RFI) and visceral tissue weights (g/kg of BW) (P = 0.81) (P = 0.19) (P = 0.02) (P = 0.96) (P = 0.14) RFI, kg of DM/d 0.12 0.15 −0.24 −0.17 −0.10 0.14 (P = 0.36) (P = 0.25) (P = 0.06) (P = 0.89) (P = 0.43) (P = 0.29) RFI b , 1 kg of DM/d 0.17 0.18 −0.22 −0.14 −0.10 0.13 (P = 0.19) (P = 0.16) (P = 0.09) (P = 0.28) (P = 0.44) (P = 0.33) ditionally, no relationship between growth performance and efficiency with pancreatic digestive enzymes was evident in our study, although this relationship may change depending on feed source, processing, and nutrient supply relative to requirements. More research on specific mechanisms regulating growth and efficiency seems warranted. Residual feed intake adjusted for backfat at slaughter. Table 11 . Partial correlation coefficients (and associated P-values after accounting for year, pen within year, slaughter week within year, and sire breed) between steer DMI, ADG, G:F, and residual feed intake (RFI) and pancreatic protein (mg/kg of BW), and pancreatic α-amylase and trypsin activities ( Residual feed intake adjusted for backfat at slaughter.
